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ABSTRACT 

The a b i l i t y  o f  F and G v e h i c l e s  t o  meet s u c c e s s i v e  
l a u n c h  windows b y  h o l d  or t u r n a r o u n d  o p e r a t i o n s  f o l l o w i n g  a 
s c r u b  w i l l  be somewhat l e s s  t h a n  t h a t  o f  t h e  C ;  v e h i c l e  (AS-503) 
d u e  t o  t h e  c o n f i g u r a t i o n  d i f f e r e n c e  (LM) and m i s s i o n  
r e q u i r e m e n t s .  

A b r i e f  summary of t h e  d i s c u s s i o n :  

a .  Assuming a " h y b r i d "  ( i . e .  p a r t i a l )  v e h i c l e  t u r n -  
a r o u n d ,  an  F o r  G l a u n c h  can  be  s l i p p e d  one d a y  f o l l o w i n g  a 
s c r u b  a t  o r  p r i o r  to T-8 hours. 

b .  A one-day l a u n c h  s l i p  a f t e r  LV c r y o  l o a d  or from 
any T-time a f t e r  T-8 h o u r s  (as  was p o s s i b l e  w i t h  C ' )  f o r  F 
or G i s  p r e s e n t l y  c o n s t r a i n e d  b y  (1) LM-SHe r e s e r v i c i n g  
r e q u i r e m e n t s ,  and ( 2 )  F l i g h t  crew t u r n a r o u n d .  

e.. Assuming a comple te  F o r  G v e h i c l e  t u r n a r o u n d  i s  
r e q u i r e d ,  t h e  l a u n c h  w i l l  s l i p :  

1. A minimum of  t h r e e  days f o l l o w i n g  a s c r u b  a f t e r  
T-9 h o u r s  ~ 

- .  
2 .  A minimum of  two days f o l l o w i n g  a s c r u b  a t  or 

p r i o r  to T-9 h o u r s  

3 .  A minimum of one day f o l l o w i n g  a s c r u b  a t  or p r i o r  
to 2 2  h o u r s .  - 
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I. INTRODUCTION 

The time required to turnaround and launch an Apollo/ 
Saturn V following a scrub has been of considerable interest 
in formulating lunar mission planning.* The limited number 
of landing sites has focused attention on reducing scrub- 
turnaround requirements to have a capability of meeting all 
launch windows in a monthly opportunity. Efforts to achieve 
this are continuing through inter-Center coordination; how- 
ever, a lack of experience coupled with spacecraft servicing 
constraints has hampered efforts to reduce "worst-case" 
requirements to any great degree. This paper summarizes cur- 
rent Apollo/Saturn scrub-turnaround capabilities with regard 
to the F and G missions including differences from the C' 
mission. 

11. BASIC REQUIREMENTS 

The essential characteristics of scrub-turnaround 
operations are: 

a. Vehicle operations are basically performed in 
three separate phases: (1) backout, 
(2) reservice/reverification, and (3) launch 
countdown. 

Table I compares nominal SV turnaround times for 
the C', F and G vehicles from scrubs at various T-times. It 
can be seen that C' turnaround times were slightly higher 
than those for F and G even though C' did not carry a LM. 
The greater turnaround times for C' stemmed from serial time 
required to reservice the Film Camera System (FCS) located in 
the forward section of the S--IC.** However, the FCS is a 
c a n f i g u r a t i a n  item ~ o t .  ca r r i ed .  nn  F a n d  Cr vehicles, and 
therefore is not a consideration. 

*Turnaround encompasses those operations formerly known 
as "recycle and countdown." A "scrub" is defined here as 
suspension of attempt to meet a given launch window. 

for C ' .  Hence, a reduction in the total turnaround time was 
possible if it had been decided to waive refurbishment. 

**Refurbishment of the FCS was not a mandatory requirement - 
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F a c t o r s  i n  a d d i t i o n  t o  t u r n a r o u n d  o p e r a t i o n s  which 
must b e  c o n s i d e r e d  a re :  

1. c a u s e  of t h e  s c r u b  

2 .  r epa i r  r e q u i r e m e n t s  

3 .  f l i g h t  crews 

4 .  t i m e  t o  n e x t  a v a i l a b l e  l a u n c h  1 i n d o  

It i s  h i g h l y  p r o b a b l e  t h a t  a s c r u b  w i l l  n o t  be  
d e c l a r e d  a t  t h e  f i r s t  i n d i c a t i o n  o f  a m a l f u n c t i o n  d u r i n g  t h e  
countdown,  b u t  t h a t  e v e r y  e f f o r t  w i l l  b e  made t o  meet t h e  
s c h e d u l e d  l a u n c h  window. A s c r u b ,  t h e r e f o r e ,  c a n  g e n e r a l l y  
b e  e x p e c t e d  t o  o c c u r  l a t e  i n  t h e  countdown where t h e  t u r n -  
a r o u n d  r e q u i r e m e n t s  a r e  g r e a t e r .  R e p a i r  r e q u i r e m e n t s  may 
a l s o  impac t  t u r n a r o u n d  o p e r a t i o n s  by  i n t r o d u c i n g  s e r i a l  t i m e .  
The t o t a l  t u r n a r o u n d  t ime  (nomina l  o p e r a t i o n s  p l u s  any s e r i a l  
t i m e ) ,  t h e n ,  must be  compared w i t h  t h e  t ime t o  t h e  n e x t  a v a i l -  
ab l e  l a u n c h  window(s)  i n  d e t e r m i n i n g  when t h e  l a u n c h  can  o c c u r .  

111. LAUNCH ABILITY 

A .  M i s s i o n  C h a r a c t e r i s t i c s  v s .  Turnaround 

One b a s i c  d i f f e r e n c e  between C '  and t h e  F o r  G 
m i s s i o n  i s  t h e  s p a c i n g  of  l a u n c h  windows i n  a l u n a r  l a u n c h  
o p p o r t u n i t y .  F and G v e h i c l e s  w i l l  l a u n c h  on s p e c i f i c  d a y s  
keyed  t o  s e l e c t e d  l a n d i n g  s i t e s ;  w h e r e a s ,  C '  l a u n c h  windows 
o c c u r r e d  on c o n s e c u t i v e  d a y s .  A l s o ,  t h e r e  a re  f e w e r  windows 
a v a i l a b l e  f o r  F or G t h a n  were a v a i l a b l e  for C '  ( f o u r  v s  
s e v e n ) . *  The a d d i t i o n a l  l a u n c h  windows and t h e  one-day s p a c e  
be tween e a c h  gave  C '  a g r e a t e r  l a u n c h  f l e x i b i l i t y  b e c a u s e  more 
s c r u b - t u r n a r o u n d  o p t i o n s  were a v a i l a b l e .  

A second d i f f e r e n c e  between C' and t h e  F or G 
m i s s i o n  i s  v e h i c l e  h o l d  c a p a b i l i t y .  While a " s c r u b "  c o n n o t e s  
a n  " a u t o m a t i c "  t u r n a r o u n d ,  t h i s  may n o t  n e c e s s a r i l y  b e  
r e q u i r e d .  The a b i l i t y  t o  ho ld  t h e  s p a c e  v e h i c l e  for e x t e n d e d  
p e r i o d s  l a t e  i n  t h e  countdown can  g r e a t l y  i n f l u e n c e  l a u n c h  
s l i p p a g e  f o l l o w i n g  a s c r u b .  The h o l d  c a p a b i l i t y  o f  F and G 
v e h i c l e s  as compared w i t h  C '  i s  dependen t  on t h e  f o l l o w i n g  
f a c t c r s  : 

*The a c t u a l  number o f  l a u n c h  windows for t h e  F m i s s i o n  
may i n c r e a s e .  However, f o u r  windows are  u s e d  here  s i n c e  
" f i d e l i t y "  be tween t h e  F and G m i s s i o n s  has been  s t r e s sed  
as a c r i t e r i o n .  
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a .  V e h i c l e  C o n f i g u r a t i o n  

C '  d i d  n o t  c a r r y  a LM as w i l l  F and G v e h i c l e s ;  
also, F and G-1 v e h i c l e s  w i l l  n o t  c a r r y  an  
ALSEP-RTG u n i t .  

b .  M i s s l o n  D u r a > i o n  

The F m i s s i o n  w i l l  be s l i g h t l y  l o n g e r  t h a n  C ' ,  
w h i l e  t h e  G m i s s i o n  w i l l  be s l i g h t l y  l o n g e r  
t h a n  F .  

e .  T - t i m e  of Hold 

The maximum a l l o w a b l e  h o l d  c a p a b i l i t y  i s  d e t e r -  
mined b y  t h e  u s a g e  l i m i t s  o f  on-board consum- 
a b l e s ,  which i n  t u r n  a r e  c o n t r o l l e d  by ( a )  and  
( b )  above .*  S i n c e  on-board consumables  a re  
i n i t i a l l y  l o a d e d  a t  s p e c i f i c  T - t i m e s  as t h e  
countdown p r o g r e s s e s ,  t h e  T-time o f  h o l d  i s  
a c o n t r o l l i n g  f a c t o r  d e t e r m i n i n g  t h e  maximum 
h o l d  c a p a b i l i t y .  F i g u r e  1 shows t h e  maximum 
v e h i c l e  h o l d  c a p a b i l i t y  a t  any T-time f o r  t h e  
C '  , F and  G v e h i c l e s .  

B .  C '  N i s s i o n  - Launch F o l l o w i n g  a "Complete" Turna round  

The f o l l o w i n g  C ' s c r u b - t u r n a r o u n d  c a p a b i l i t i e s  a r e  
for a comple t e  v e h i c l e  t u r n a r o u n d ;  t h a t  i s ,  o p e r a t i o n s  t o  
r e s e r v i c e  b o t h  t h e  s p a c e c r a f t  and  l a u n c h  v e h i c l e .  A " comple t e"  
v e h i c l e  t u r n a r o u n d  c u r v e  for C '  i s  shown i n  F i g u r e  2 .  By 
s u b t r a c t i n g  t h e  unused  t i m e  ( T - t i m e  o f  s c r u b )  f rom t h e  t u r n -  
a r o u n d  t i m e ,  a "minimum" l a u n c h  s l i p p a g e  c u r v e  i s  o b t a i n e d - -  
shown as a d o t t e d  l i n e  i n  F i g u r e  2 .  F i g u r e  3 shows t h e  
"minimum" C 1  l a u n c h  s l i p p a g e  f o r  a s c r u b  a t  any  T - t i m e  
a g a i n s t  t h e  r e l a t i v e  l a u n c h  window p o s i t i o n s  i n  t h e  December 
1 9 6 8 ,  l a u n c h  o p p o r t u n i t y .  For i n s t a n c e ,  f o r  a s c r u b  a f t e r  
T-9 h o u r s ,  t h e  C 1  l a u n c h  would have  s l i p p e d  a t  l e a s t  t h r e e  
d a y s  i f  CSM c r y o  r e s e r v i c i n g  were n e c e s s a r y .  

%'Tiit. ALSEP-ETG IS i-iot z C G E S G K E ~ ~ E .  U m . . m r r h -  ~ l u w c v c ~  , At, i t u v G . 0  A n n -  

g e n e r a t e  g r e a t  q u a n t i t i e s  o f  heat  which  c o u l d  impose a h a z a r d  
i n  t h e  c a s e  of e x t r e m e l y  l o n g  h o l d s  ( a  day o r  m o r e ) .  T h i s  
i s  not c o n s i d e r e d  a p rob lem s i n c e  t h e  u n i t  c a n  e a s i l y  b e  
removed;  however ,  t h i s  would mean h o l d i n g  a t  a d i f f e r e n t  
T - t  i m e  . 
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1. Hybr id  Turna round ,  C 1  M i s s i o n  

A s h o r t  or " h y b r i d "  t y p e  o f  t u r n a r o u n d  was p o s s i b l e  
f o r  C f  depend ing  on t h e  cause  o f  s c r u b  and  T - t i m e  o f  o c c u r -  
r e n c e . *  For i n s t a n c e ,  if a s c r u b  had o c c u r r e d  p r i o r  t o  LV 
c r y o g e n i c s  l o a d i n g ,  t h e  C' l a u n c h  c o u l d  have  been  s l i p p e d  one  
d a y  p r o v i d e d  t h e  CSM c r y o s  d i d  n o t  have t o  b e  r e s e r v i c e d .  
K S C  a l s o  s t a t e d  a c a p a b i l i t y  t o  meet a one-day s l i p  from a 
p o i n t  a f t e r  LV c r y o  l o a d i n g  p r o v i d e d  (1) t h e  MSS was n o t  
r e t u r n e d  t o  t h e  p a d ,  ( 2 )  t h e  c o n o s e a l  l e a k  check  and  t o r q u i n g  
c o u l d  be waived ,**  and ( 3 )  t h e  main LOX t a n k  a t  Pad A c o u l d  
be r e p l e n i s h e d  t o  a p p r o x i m a t e l y  75O,OOO g a l l o n s .  T h i s  would 
have  b e e n ,  i n  f a c t ,  e s s e n t i a l l y  a " h o l d i n g "  o p e r a t i o n  which  
w i l l  n o t  be  p o s s i b l e  for F or G v e h i c l e s  a f t e r  T-17 h o u r s  
u n l e s s  t h e  LM-SHe i s  r e s e r v i c e d  ( R e f e r e n c e  8 ) .  

C .  F and G M i s s i o n  Launch A b i l i t y  

T h e r e  are  o n l y  f i v e  p o s s i b l e  t u r n a r o u n d  c a s e s  f o r  
F or G m i s s i o n s  ( g r a p h i c a l - l y  shown i n  F i g u r e  5 ) .  The number 
o f  c a s e s  i s  l i m i t e d  by  ( a )  t h e  number o f  l a n d i n g  s i t e s ,  and 
( b )  t h e i r  s e l e n o g r a p h i c a l  p o s i t i o n .  The f i v e  t u r n a r o u n d  c a s e s  
a re  : 

Case Change i n  Landing S i t e  Time A v a i l a b l e  ( d a y s ) * * *  

#1 IIP-2 t o  IIP-6 1 

#2 I I P - 6  t o  IIP-8 2-3  
# 3  I I P - 2  t o  I I P - 8  o r  

I I P - 8  t o  I I P - 1 3  
3-4 

#4 I I P - 6  t o  I I P - 1 3  5-7 
#5 I I P - 2  t o  I I P - 1 3  6-8 

*A " h y b r i d "  t u r n a r o u n d  i s  one i n  which o n l y  p a r t  o f  t h e  
s p a c e  v e h i c l e  i s  r e c y c l e d  w h i l e  a l l  o t h e r  s e c t i o n s  r e m a i n  i n  
a h o l d  c o n d i t i o n .  

**This  i t em was r e s o l v e d  by t h e  rlwet" CDDT when i t  was 
found  t h a t  t h e  c o n o s e a l s  d i d  n o t  have  t o  b e  r e t o r q u e d  a f t e r  
LV e x p o s u r e  t o  c r y o g e n i c s .  Doug las ,  however ,  w i l l  p r o b a b l y  
c o n t i n u e  c h e c k i n g  t h e  c o n o s e a l s  on f u t u r e  v e h i c l e s  f o l l o w i n g  
e a c h  CDDT t o  d e t e r m i n e  if r e t o r q u i n g  i s  n e c e s s a r y .  

***The t i m e  a v a i l a b l e ,  as shown, w i l l  v a r y  d e p e n d i n g  on 
t h e  t i m e  o f  y e a r  ( s ee  F i g u r e  7 ) .  
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The d i f f e r e n c e s  f r o m  C '  i n  h o l d  c a p a b i l i t y  a n d / o r  
t u r n a r o u n d  r e q u i r e m e n t s  for an F or G v e h i c l e  i s  due  t o  LM 
o p e r a t i o n s .  The "comple te"  v e h i c l e  t u r n a r o u n d  c u r v e  for F 
o r  G i s  shown i n  F i g u r e  4 i n c l u d i n g  "minimum" l a u n c h  s l i p p a g e .  
F i g u r e  6 shows l a u n c h s l i p p a g e  b y  h o l d  or t u r n a r o u n d  f o r  a 
s c r u b  a t  any T-time a g a i n s t  d a i l y  l a u n c h  windows i n  a 1 9 6 9 ,  
l a u n c h  o p p o r t u n i t y .  H y b r i d  t u r n a r o u n d s  are n o t  shown. 

1. H y b r i d  T u r n a r o u n d s ,  F and G M i s s i o n s  

A h y b r i d  or " p a r t i a l "  v e h i c l e  t u r n a r o u n d  (one  or 
two-day l a u n c h  s l i p )  i s  p o s s i b l e - - s i m i l a r  t o  t h a t  p r e v i o u s l y  
d e s c r i b e d  f o r  C ' - -depending  on t h e  T-time o f  s c r u b .  

a .  One-Day Turnaround from S c r u b  P r i o r  t o  LV Crvo 
Load (Case  #1 Lunar )  

I f  a s c r u b  i s  d e c l a r e d  b e f o r e  LV c r y o  t a n k i n g  b e g i n s  
(T-8 h o u r s ) ,  t h e  l a u n c h  can  be s l i p p e d  one d a y  t h r o u g h  t h e  
f o l l o w i n g :  

1. r e t u r n  t h e  MSS t o  t h e  pad 

2 .  e x t e n d  MSS P l a t f o r m  # 3  

3 .  r e s e r v i c e  LM-SHe 

4 .  remove t h e  MSS 

5. l a u n c h  countdown ( 9  h o u r s ) .  

The above o p e r a t i o n s  would t a k e  a p p r o x i m a t e l y  
32 h o u r s  i n  r e a l  t i m e .  T h i s  conforms w i t h  t h e  a l l o w a b l e  t i m e  
frame f o r  a one-day s l i p  ( 8  h o u r s  o f  unused  countdown p l u s  
2 4  h o u r s  be tween T - 0 ' s ) .  It i s  assumed t h a t  t h e  CSM r e m a i n s  
i n  a h o l d i n g  c o n d i t i o n ,  t h a t  no s e r i a l  r e p a i r  t i m e  i s  
i n v o l v e d ,  and t h a t  f l i g h t  crew t u r n a r o u n d  can  b e  a c c o m p l i s h e d  
i n  t h e  same t i m e  frame. 

b .  One-Day Turnaround from S c r u b  a f t e r  LV Cryo Load 
(Case #1 L u n a r )  

A one-day l a u n c h  s l i p  f rom a s c r u b  a f t e r  LV c r y o g e n i c s  
are  Icaded is pi 'eseii t iy c o n s t r a i n e d  b y :  

1. F l i g h t  Crew Turnaround 

The f l i g h t  crew r e c e n t l y  s t a t e d  t h e y  c o u l d  s u p p o r t  
a 24-hour l a u n c h  s l i p  f rom a s c r u b  n e a r  T-0, b u t  f o r  t h e  C '  
m i s s i o n  o n l y .  It i s  a n t i c i p a t e d  t h a t  crew t u r n a r o u n d  f o r  
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s u b s e q u e n t  l u n a r  m i s s i o n s  m a y  b e  l o n g e r  t h a n  2 4  h o u r s ,  p a r t i -  
c u l a r l y  for a G m i s s i o n .  The c o n s t r a i n t  e v o l v e s  f rom a t i m e -  
l i n e  of a c t i v i t i e s  encompass ing  crew e g r e s s ,  d e s u i t i n g ,  
m i s s i o n  b r i e f i n g ,  s i m u l a t o r  t i m e ,  on-board d a t a  package ,  e t c . ,  
i n c l u d i n g  m e a l s ,  r e s t ,  and countdown. * 

2 .  LM-SHe 

The LM-SHe must be r e s e r v i c e d  d u r i n g  t u r n a r o u n d  
o p e r a t i o n s  ( a c t u a l l y ,  any time a s c r u b  i s  d e c l a r e d  a f t e r  T-17 
h o u r s ) . * *  T h i s  r e s e r v i c i n g  r e q u i r e s  more t i m e  t h a n  i s  a v a i l -  
ab le  f rom a s c r u b  a f t e r  LV c r y o g e n i c s  are l o a d e d  u n t i l  a T-0 
on t h e  f o l l o w i n g  d a y .  

-- 

e .  Two-Day Turnaround from Scrub  a f t e r  LV Cryo Load 
(Case #2 L u n a r )  

A two-day l a u n c h  s l i p  f rom a s c r u b  a f t e r  LV c r y o  
l o a d  i s  c o n s t r a i n e d  b y  a r e q u i r e m e n t  to r e s e r v i c e  CSM and  LM 
c r y o g e n i c s .  A s  shown i n  F i g u r e  4 ,  t h e  minimum t u r n a r o u n d  
t i m e  r e q u i r e d  f o r  a comple t e  b a c k o u t  ( d e t a n k  LV c r y o s ) ,  
r e s e r v i c e  t h e  s p a c e c r a f t  and countdown i s  a p p r o x i m a t e l y  
6 5  h o u r s .  T h i s  o b v i o u s l y  e n t a i l s  a t h r e e - d a y  l a u n c h  s l i p .  
S i n c e  LM-SHe r e s e r v i c i n g  i s  n e c e s s a r y  i n  any c a s e ,  t h e  l a u n c h  
s l i p  migh t  be  r e d u c e d  to two d a y s  b y  (I) d e t a n k i n g  t h e  LV, 
and  ( 2 )  r e s e r v i c i n g  o n l y  t h e  LM-SHe (same as t h e  o p e r a t i o n s  
l i s t e d  for a one-day " p a r t i a l "  t u r n a r o u n d ) .  *** T h i s  assumes 
t h a t  o t h e r  t u r n a r o u n d  o p e r a t i o n s  s u c h  as APS Gas Removal,  PU 
C a l i b r a t i o n s ,  F-1 Engine  D r a i n ,  LV F l i g h t  B a t t e r y  Rep lacemen t ,  
e t c . ,  can  b e  accompl i shed  w i t h i n  a t i m e  frame o f  4 4  to 56 
h o u r s  d e p e n d i n g  on t h e  time o f  s c r u b .  It s h o u l d  be n o t e d  
t h a t  w h i l e  h o l d i n g  t h e  CSM for two d a y s ,  consumpt ion  o f  
on-board  CSM c r y o s  may s e r i o u s l y  d e p l e t e  r e s e r v e s  n o r m a l l y  
a v a i l a b l e  f o r  t h e  m i s s i o n .  

d .  Two-Day Turnaround from S c r u b  P r i o r  to LV Cryo 
(Case #2 L u n a r )  

For s c r u b s  a t  T-8 h o u r s  or e a r l i e r  i n  t h e  countdown, 
F or G v e h i c l e s  can  undergo  a comple t e  t u r n a r o u n d  and  s u p p o r t  
a tb7G-da.y l a u n c h  s l i p  (shown i n  F i g u r e  6 ) .  

* I n  o r d e r  to s u p p o r t  a 24-hour t u r n a r o u n d  f o r  C ' ,  t h e  
f l i g h t  crew would have  d e l e t e d  t h e  s i m u l a t o r  a c t i v i t i e s .  

* * R e f e r e n c e  8 

***Reference  2 
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e .  E f f e c t s  o f  Unused B u i l t - i n  Hold T i m e  

A s t a n d a r d  f e a t u r e  o f  A p o l l o / S a t u r n  V countdown has 
been  a 6-hour b u i l t - i n  h o l d  s c h e d u l e d  a t  T-9 h o u r s . *  The re  
i s  a f a i r  p r o b a b i l i t y ,  based  on p r e v i o u s  l a u n c h e s ,  t h a t  some 
or p e r h a p s  a l l  o f  t h e  a v a i l a b l e  h o l d  t i m e  w i l l  n o t  b e  u sed  t o  
c o r r e c t  p r i o r  a n o m a l i e s .  I n  t h e  e v e n t  a s c r u b  i s  d e c l a r e d  
b e f o r e  T-9 hours, t h e  l a u n c h  s l i p p a g e  c u r v e s  i n  F i g u r e s  3 and  
6 w i l l  be  a f f e c t e d  by t h e  amount o f  unused h o l d  t i m e  ( F i g u r e  8 )  
where t h e  l a u n c h  s l i p p a g e  cu rve  i s  p r o p o r t i o n a t e l y  moved to 
t h e  r i g h t  d e p e n d i n g  on t h e  s l o p e  o f  t h e  c u r v e  and  t h e  amount 
of  unused b u i l t - i n  h o l d .  

f .  A v a i l a b l e  Cont ingency  Time f o r  Repai r /Replacement  

A b a s i c  a s sumpt ion  i n  e s t a b l i s h i n g  a minimum v e h i c l e  
t u r n a r o u n d  t i m e  i s  t h a t  any r e p a i r s  can  b e  accompl i shed  i n  
p a r a l l e l  w i t h  t h e  t u r n a r o u n d  o r  h o l d i n g  o p e r a t i o n s .  
t h e  p o s s i b i l i t y  o f  s e r i a l  r e p a i r  t i m e  d o e s  e x i s t .  From an  
e x a m i n a t i o n  o f  F i g u r e s  3 and 6 ,  i t  can  b e  s e e n  t h a t  a t  most 
T- t imes  ( o f  s c r u b ) ,  t h e r e  i s  a d d i t i o n a l  t i m e  be tween t h e  
l a u n c h  s l i p p a g e  c u r v e  and t h e  n e x t  a v a i l a b l e  l a u n c h  window. 
The amount o f  t i m e  a v a i l a b l e  f o r  s e r i a l  r e p a i r  i s  t h e r e f o r e  
a f u n c t i o n  of t u r n a r o u n d  r e q u i r e m e n t s  and  t h e  t i m e  be tween 
l a u n c h  windows. T h i s  can  be e a s i l y  c o n v e r t e d  i n t o  a g r a p h  
o f  e a c h  c a s e  # l u n a r - t u r n a r o u n d  f o r  u s e  as a handy r e f e r e n c e .  
An example i s  shown i n  F i g u r e  9 ( a s s u m i n g  a G m i s s i o n  v e h i c l e  
and a Case # 3  l u n a r  l a u n c h  s l i p ) .  

However, 

I V  OTHER C O N S I D E R A T I O N S  

T h e r e  a r e  s e v e r a l  c o n s i d e r a t i o n s  i n  s c r u b - t u r n a r o u n d  
o p e r a t i o n s  which  K S C  has r e c o g n i z e d  as n e e d i n g  f u r t h e r  
d e f i n i t i o n .  

a .  S c r u b  a f t e r  "Forward S e r v i c e  A r m  R e t r a c t "  a t  
T - 1 6 . 2  Seconds 

S c r u b - t u r n a r o u n d  p l a n n i n g  has a lways  c o n s i d e r e d  t h e  
" w o r s t  c a s e "  as a s c r u b  a t  Engine I g n i t i o n  Command (T-8.9 
s e c o n d s ) .  R e f e r e n c e  7 d i s c u s s e d  v e h i c l e  r e c y c l e  c a p a b i l i t y  
a f t e r  r e t r a c t i o n  o f  t h e  Forward S e r v i c e  A r m  (Swing A r m  # 2 ) .  

~.~ br.&cted , L'- - It was s,b.,swn t h a t  a f t y  tp*c  a-i-.rn I r j  - - - J - - -  

commit ted  to e i t h e r  l a u n c h  o r  s c r u b .  The r e a s o n ,  b r i e f l y ,  
i s  t h a t  f o l l o w i n g  t h e  s t a r t  o f  S - I1  s t a g e  5-2 e n g i n e  c h i l l -  
down a t  T-8 m i n u t e s  t h e  t e m p e r a t u r e  o f  t h e  s-IC f o r w a r d  

L I I ~ :  u e i i i c i e  is 

* A d d i t i o n a l  b u i l t - i n  hold t i m e  was added to t h e  C '  
countdown.  While i t  has n o t  been  d e f i n i t e l y  d e c i d e d  t o  do t h e  
same for F o r  G countdowns ,  t h e  comments i n  t h i s  s e c t i o n  s t i l l  
a p p l y  
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s k i r t  thermal  envi ronment  b e g i n s  d r o p p i n g .  To keep  t h e  tempera-  
t u r e  f rom d r o p p i n g  below r e d - l i n e  l imits  o f  t h e  e l e c t r o n i c  
c a n i s t e r s  i n  t h e  S-IC fo rward  s k i r t ,  h o t  G N 2  i s  i n t r o d u c e d  
i n t o  t h e  S- IC/S-I1  i n t e r s t a g e  a r e a  a t  r a t e s  up to 500 l b s / m i n .  
T h i s  h o t  G N  i s  s u p p l i e d  t h r o u g h  l i n e s  r u n n i n g  o v e r  Swing A r m  

# 2 .  Af t e r  Swing A r m  #2 i s  r e t r a c t e d ,  i t  can  o n l y  b e  r e c o n n e c t e d  
manua l ly .  I n  o r d e r  t o  p r o v i d e  s a f e  a c c e s s  f o r  manual  r e c o n n e c t ,  
t h e  LV c r y o g e n i c s  must be  de tanked--a  p e r i o d  o f  4-p lus  h o u r s .  
Thermal  r e d - l i n e s ,  t h e r e f o r e ,  would soon b e  exceeded  i n  t h e  
e v e n t  o f  a h o l d  a f t e r  t h e  arm i s  r e t r a c t e d .  S i n c e  Swing A r m  
#2 h a s  n e v e r  b e e n  r e t r a c t e d  e x c e p t  d u r i n g  an  a c t u a l  laf inch 
( t h e r e  have been  no h o l d s  t o  da t e  a f t e r  SA #2 r e t r a c t ) ,  t h e  
e f f e c t s  o f  a p r o l o n g e d c o l d  s o a k o n  t h e  S-IC f o r w a r d  c a n i s t e r s  
i s  n o t  known, i n c l u d i n g  any r e p l a c e m e n t / r e t e s t  which may be  
r e q u i r e d  d u r i n g  t u r n a r o u n d  o p e r a t i o n s .  One p o s s i b l e  sug-  
g e s t i o n  i s  t h a t  MSFC might  e s t a b l i s h  some c r i t e r i a  b y  
a c q u i r i n g  da t a  t h r o u g h  a s p e c i a l  t e s t  a t  KSC. 

2 

b .  Sc rub  a f t e r  F-1 Engine I g n i t i o n  

Turnaround t i m e  fron a s c r u b  F-1 e n g i n e  i g n i t i o n  
i s  not, p r e c i s e l y  known--there a r e  r e l a t e d  areas  t h a t  c a n n o t  
b e  p r e d i c t e d  which  c o u l d  p r e c l u d e  m e e t i n g  a l a u n c h  window 
b e f o r e  c l o s e  o f  a l u n a r  l aunch  o p p o r t u n i t y .  R e c o g n i z i n g  t h i s ,  
however ,  KSC i s  c o m p i l i n g  a l l  a v a i l a b l e  i n f o r m a t i o n  on t h e  
s u b j e c t  t o  be i n  t h e  b e s t  p o s s i b l e  p o s t u r e  i n  c a s e  o f  a s c r u b  
a f t e r  F-1 e n g i n e  i g n i t i o n .  

V .  SUMMARY 

a .  The b a s i c  c o n f i g u r a t i o n  ( i . e . ,  LM) d i f f e r e n c e  be tween 
C '  and F o r  G v e h i c l e  d o e s  n o t  i n c r e a s e  t h e  t i m e  r e q u i r e d  for 
a c o m p l e t c . : v e h i c l e  t u r n a r m n d  a f t e r  LV c r y o  l o a d .  

b .  Assuming a h y b r i d  t u r n a r o u n d ,  a n  F o r  G l a u n c h  can  
b e  s l i p p e d  one d a y  f o l l o w i n g  a s c r u b  a t  or p r i o r  t o  T-8 
h o u r s  p r o v i d i n g  no s e r i a l  r e p a i r  t i m e  i s  i n v o l v e d .  

e .  A one-day l a u n c h  s l i p  -- a f t e r  LV c r y 0  l o a d  (or f rom 
any T-time a f t e r  T-8 h o u r s )  f o r  an  F or G v e h i c l e  i s  p r e s e n t l y  
c o n s t r a i n e d  b y :  

1. LM-SHe r e s e r v i c i n g  r e q u i r e m e n t s  

2 .  F l i g h t  crew t u r n a r o u n d .  
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d. Assuming a complete F or G vehicle turnaround, the 
launch will slip: 

1. A minimum of  one day f o r  a scrub at o r  prior to 
T-22 hours. 

2. A minimum of two days f o r  a scrub at o r  prior to 
T-9 hours. 

3. A minimum of three days for a scrub after 
T-9 h o u r s .  

2032-CHE-mp 

Attachments 
Figures 1-8 
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ADD. REPAIR T I M E  
AVAIL. DEPENDING ON AMT 

USED (ASSUMING 6-HR. 1. 
OF B U I L T - I N  HOLD NOT 

I.H.) 

SERIAL  REPAIR TIME 
WITH SCRUB AFTER 

ALL AVAl LABLE 
HOLD CAPABIL ITY USED 

ADD. REPAIR T I M E  I F  ASSUMING 
24-HRS. T-0 TO T-0. 

\ ADD. REPAIR T I M E  I F  AS34IMING 
48-HRS. T-0 TO T-0 

I I 

T -20 T-15 T - IO  T-5 T-8.9 SEC T-30 T -25 

T -T I ME (HOURS) 

FIGURE 9 - SERIAL  REPAIR TIME AVAILABLE vs. T -T IME OF SCRUB (ASSUMING 
72 HRS. T-0 TO T-0) FOR F 81 G VEHICLES 


